Rice blast disease caused by a fungus Magnaporthae oryzae is one of the most important biotic factors that severely damage the rice crop. Several molecular approaches are now being applied to tackle this issue in rice. It is of interest to study long non-coding RNA (lncRNA) in rice to control the disease. lncRNA, a non-coding transcript that does not encode protein, is known to play an important role in gene regulation of various biological processes. Here we describe a computational pipeline to identify lncRNA from a resistant rice line. The number of lncRNA found in resistant line was 1429, 1927 and 1981 in mock and M. oryzae (ZB13 and Zhong) inoculated samples, respectively. Functional classification of these lncRNA reveals a higher number of long intergenic non-coding RNA compared to antisense lncRNA in both mock and M. oryzae inoculated resistant rice lines. Many intergenic lncRNA candidates were identified from resistant rice line and their role to regulate the resistance mechanism in rice during M. oryzae invasion is implied.
Background:
Rice (Oryza sativa) is one of the important cereal crops cultivated and consumed throughout the world [1] and is a stable food for many countries, including India. In north India, severe losses in rice production occurs due to high pressure of blast disease because it affects both quantity as well quality of rice [2] . Though, many high yielding varieties of rice are available, the yield potential of these varieties is considerably affected by various biotic and abiotic stresses. Among the various biotic stresses like bacterial leaf blight, sheath blight and stem borer limiting the rice productivity, rice blast caused by Magnaporthe oryzae is a serious constraint in rice production at the global level. Blast pathogen infects the crop in all stages of its growth, starting from nursery to grain filling stage, under favourable environmental conditions. In depth analysis of transcriptome helps to understand mechanism of disease resistance that in turn help to decipher the disease etiology, progression and resistant breeding. Transcriptome studies in rice upon M. oryzae infection are few. The availability of very high quality genome sequences of both the rice and M. oryzae through the public genome databank makes an easy task to explore the transcriptome profiling using the RNA-seq data.
RNA transcribed from DNA does not have only to encode protein, but some RNAs that do not translated into proteins also have ability to regulate the gene expression. RNA molecules those are not encoded proteins are called as non-coding RNA (ncRNA). Nowadays, the involvement of these ncRNA in the regulation of gene expression has major attention of researchers to study them in various biotic and abiotic imposed conditions. The ncRNA are classified based on their size into small ncRNAs (sncRNAs) and long ncRNAs (lncRNAs 
Analysis of long non-coding RNA:
A perl script was used to fetch fasta sequence of transcript encoding as long non-coding RNA (lncRNA). The fasta and gtf files of each lncRNA were analyzed to determine the length of long noncoding RNA. The lncRNAs were categorized into different categories based on the position of protein coding genes, viz natural antisense lncRNA that overlap exon or intron in antisense orientation, long intergenic lncRNA and lncRNA overlapping gene in sense orientation using FEELnc [20] . The genomic location of each lncRNA identified from rice was represented using circos [21].
Results and Discussion:
In several species like Oryza sativa, Zea mays, Triticum aestivum, Actinidia chinensis, Gossypium arboreum and Brassica genomewide lncRNA has been identified and characterized [22 -25] . This is the first study in rice that reported the identification of lncRNA in resistant rice line with and without M. oryzae inoculation.
Identification of lncRNAs in a blast resistant rice line:
The pipeline developed to retrieve long coding RNA (lncRNA) was applied on 24 RNAseq data derived from a blast resistant rice line upon mock and M. oryzae (ZB13 and Zhong strain) inoculation. Three sets of each eight mock, eight ZB13 and eight Zhong replicates of resistant rice line from different time-points were mapped against the reference genome O. sativa japonica group, cultivar Nipponbare; MSU release 7 [26] with an average of above 93% of left and right aligned reads. Average concordant alignment rate of all the samples for paired end was 90 % ( Table 2 ). All the assembled 24 gtf files were merged according to the data types, namely mock, ZB13 and Zhong using cuffmerge. After merging, three-merged gtf files, mock, ZB13 and Zhong were obtained. The fasta sequences of all transcripts present in these three gtf files were extracted. As we know that transcriptome data generated from total RNA captures all the transcripts that are present at transcriptional level. 
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So, the three fasta files had all the transcripts whether they have protein-coding potential or not. These three fasta files obtained from mock, ZB13 and Zhong were contained total 93326, 95671 and 94963 captured transcripts, respectively. After applying length (>200nt), blast (E-value ≤0.001, query coverage= 100 % and percent identity= 100%) and CPC filter criteria, total 1589, 2101 and 2038 transcripts were obtained from resistant line with mock, ZB13 and Zhong dataset, respectively. Furthermore, filter out the housekeeping RNA like tRNAs and rRNAs, the infernal (10-3 Evalue cutoff) and tRNA scan were applied to get the final numbers of long non-coding RNA. The final numbers of lncRNAs were 1429, 1927 and 1981 found in mock, ZB13 and Zhong dataset, respectively. These numbers clearly reflect that a higher lncRNAs were present in the datasets of resistant rice line challenged by M. oryzae strains compared to the dataset of mock inoculated. The identified lncRNA were further grouped into three categories, intergenic lncRNA, lnc overlapping exon or intron in sense orientation and lnc overlapping exon or intron in anti-sense orientation according to their relative locations from the nearest protein-coding genes. FEELnc classifier module classifies lncRNAs by employing a sliding window strategy. The lncRNAs with overlapping exon or intron in sense orientation were filtered from resistant line because major role of intergenic lncRNA and natural antisense lncRNA is known [22, 24, 27]. Total number of lncRNAs with overlapping exon in antisense orientation obtained from mock, ZB13 and Zhong datasets respectively were 218, 40 and 23.
Similarly, total lncRNAs with overlapping intron in antisense orientation were also identified from these three datasets; mock, ZB13 and Zhong, i.e. 22, 0 and 3, respectively. Total numbers of intergenic lncRNAs (lincRNAs) were 437, 52 and 69 found in the mock, ZB13 and Zhong datasets, respectively (Figure 2) . Among the classes of lncRNA, a maximum number of intergenic lncRNA was obtained in three datasets, followed by lncRNA with overlapping exon and intron in antisense orientations. 
Characterization and genomic distribution of rice lncRNAs:
The length distribution of intergenic lncRNA and antisense lncRNA show that highest number of lncRNAs were found in a range of 200 to 1000 nucleotides in all the three datasets, mock, ZB13 and Zhong (Figure 3) . A recent study of Li et al. (2016) [30] also showed a high percentage of lncRNAs with length less than 1 kb. Genomic distribution of lncRNAs was performed to characterize them whether they are located in the form of a cluster or a particular chromosome has exceptionally high number of lncRNAs. The genomic distribution of lncRNA shows that both intergenic and antisense lncRNA were distributed across all the 12 chromosomes of rice, except 10th chromosome (Figure 4, 5 
Conclusions:
The computational pipeline developed in this study is relevant to find long non-coding RNAs (lncRNA) in different plants. The higher number of intergenic lncRNA found in resistant line compared to antisense lncRNA indicates the importance of intergenic lncRNA in resistant rice line upon biotic stress. The uniform distribution of lncRNA across all the rice chromosomes shows that there is no bias in chromosomal distribution of intergenic and antiense lncRNAs in mock and M. oryzae inoculated resistant line.
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